In vivo microdialysis coupled with HPLC and radioimmunoassay techniques were used to analyze dopamine (DA) and neurotensin (NT) in prefrontal cortical extracellular fluid following electrical stimulation of mesocortical axons. The release (overflow into the extracellular fluid) of both DA and NT increased with increasing number of impulses and with frequency.
At the lowest frequency tested (2.5 Hz), DA release was significantly increased, while there was no significant increase in the release of NT. As the frequency of stimulation was increased from 2.5 to 20 Hz, the ratio of extracellular DA:NT decreased exponentially. Stimulation in a burst pattern produced greater release of both DA and NT than tonic stimulation when the number of impulses per second and the total number of impulses were held constant. Furthermore, blockade of DA autoreceptors with sulpiride stereoselectively increased the release of DA while decreasing the release of NT. These data suggest that the release of coexistent molecules (DA and NT) from mesocortical neurons can be influenced by physiological and pharmacological factors such that under certain conditions simultaneous or differential release may occur.
Dopamine (DA) and neurotensin (NT) are colocalized in a subpopulation of mesencephalic neurons within the ventral tegmental area (HGkfelt et al., 1984; Seroogy et al., 1988) . Some of the mixed DA:NT neurons in the ventral tegmental area have been shown to project to the prefrontal cortex, a brain region that does not contain intrinsic DA or NT cells (Jennes et al., 1982; Seroogy et al., 1987 Seroogy et al., , 1988 Studler et al., 1988) . Using the elution restaining technique, Studler et al. (1988) have reported that all fibers stained for tyrosine hydroxylase in the deep layers of the prefrontal cortex also exhibit NT-like immunoreactivity. In addition, some DA and NT in the prefrontal cortex are costored in a reserpine-sensitive storage pool, although the majority of DA and NT appear to be stored in separate pools (Bean et al., 1989a) . Recent studies have suggested that the release of colocalized molecules can be affected by the frequency and pattern of axonal stimulation such that at low frequencies the nonpeptide transmitter is released while at higher frequencies or during bursts of action potentials the peptide transmitter is preferentially released (Dutton and Dyball, 1979; Lundberg et al., 1986 Lundberg et al., , 1989 Bloom et al., 1987; Bartfai et al., 1988) . In this regard, mesencephalic DA neurons have been shown to fire in two modes: an "irregular" mode in which single spikes are observed with a frequency of 2-9 Hz and a "bursting" mode in which groups of action potentials (with interspike intervals corresponding to instantaneous frequencies of 1 O-20 Hz) are separated by hundreds of milliseconds (Wang, 198 1; Chiodo et al., 1984; Grace and Bunney, 1984; Shepard and German, 1988; Gariano et al., 1989) .
One mechanism by which mesocortical DA neurons are known to modulate their own transmission involves the control of DA release via presynaptic DA autoreceptors (Wolf and Roth, 1987) . Activation of release-modulating DA autoreceptors results in a decrease in the release of DA (Wolf and Roth, 1987) . Recent studies have suggested that presynaptic receptors that regulate the release of one transmitter molecule may also regulate the release of other coexisting transmitters (Iverfelt et al., 1986; Bartfai et al., 1988) .
We have previously demonstrated that electrical stimulation of mesocortical axons in vivo increases the overflow of DA and NT into the prefrontal cortical extracellular fluid (ECF, Bean et al., 1989~) . In the present study, we have further characterized the stimulation-induced release of DA and NT by examining the effects of stimulation frequency, stimulation pattern, and DA autoreceptors on levels of DA and NT in the prefrontal cortical ECF.
Materials
and Methods Animals. Male Sprague-Dawley rats (225-275 gm; Camm, Wayne, NJ) were used in all experiments. Rats were housed two or three per cage and were allowed free access to food and water at all times.
In vivo microdialysis. Dialysis probes were of concentric design using a hollow dialysis membrane (SOOO-MW cutoff, 300~pm diameter; Cuprophan, Enka, Germany) sealed at one end with epoxy resin (Devcon, Danvers, MA). Two lengths of hollow fused silica fiber (0.140-mm o.d.; Polymicro Technologies, Inc., Phoenix, AZ) were inserted into the dialysis tubing such that one piece went to the end (inlet) and the other stbpped 4 mm from the end-(outlet). The dialysis tubing containing the fused silica was inserted throueh a leneth of 22-gauge stainless-steel tubing, which was then sealed ai both ends. A small piece of 23-gauge tubing was attached to the fused silica inlet tube with epoxy so that the inlet tube could be attached to a length of PESO tubing that was connected to a l-ml svrinne mounted on a svrinae Dump (Harvard Instruments, South Nat&k, MA).
_ -_
All rats used for dialysis experiments were anesthetized with chloral hydrate (400 mg/kg, i.p., with supplemental doses given as needed throughout the experiment; all groups of animals were anesthetized for comparable lengths of time), and dialysis probes were placed into the prefrontal cortex [coordinates: AP = +3.0, L = + 1.8, V = -5.5, at a 14" angle according to the atlas of Paxinos and Watson (1986) ]. Artificial extracellular fluid (ECF) modified after Moghaddam and Bunney (1989) [consisting of (in mM) NaCl, 143; KCl, 3.0; CaCl,, 1.2; MgCl,, 1.0; phosphate, 2.0; and ascorbate, 0.1, pH 7.41 was pumped through the dialysis probe at a rate of 2.3 PVmin. After a 120-min period for equilibration, samples were collected every 20 min for the duration of the experiment. The samples were divided such that part was used for DA determination while the remaining sample was frozen on dry ice for subsequent NT determinations. Determination of a baseline was made by assaying samples for DA content [NT samples were assayed by radioimmunoassay (RIA) at a later time], and a stable measurement (~20% variation for three consecutive samples) was typically obtained 60-100 min after sample collection was begun (i.e., 180-220 min following initiation of perfusion).
The traditional approach of correcting in vivo dialysis data by using in vitro ("beaker") calibration of dialysis probes is not accurate because it does not take into account the differing diffusion and transport characteristics of the substances and the probes in brain matter (Benveniste et al., 1989) . Therefore, levels of DA and NT per sample were not corrected for the average in vitro probe recovery. However, estimates of the in vitro recovery for DA and NT were performed to check the transportability of the substances across the dialysis membrane. Perfusion (2.3 pl/min) of various concentrations (10, 100, and 1000 fmol in 50 ~1) of DA and NT contained in glass beakers at room temperature showed that the average in vitro recovery of DA was 14.2 + 0.5%, while the average in vitro recovery of NT was 2.0 f 0.1%.
Radioimmunoassay of NT. The assay of NT was performed as previously described (Bean et al., 1989b) . Briefly, sodium phosphate buffer (50 mM, pH 7.4) containing EDTA (10 mM), bovine serum albumin (0.1 O/o), and sodium azide (0.02%) was added to unknowns and standards along with NT antiserum that recognizes the COOH terminal of NT (Jennes et al., 1982; Bean et al., 1989b) . The samples were then incubated at 4°C for 24 hr, at which time 1251-NT (Tyr3-I, 2000 Ci/mmol; Amersham) was added, followed by an additional 24-hr incubation period at 4°C. Bound and free 1251-NT were separated using a secondary antibody, and bound and free ratios were corrected for nonspecific binding, which was typically l-2% of total binding. The IC,, for synthetic NT was 4.1 ? 0.7 fmol. while the detection limit of the assav was 0.15 + 0.026 fmol. Liquid dhromatographic separation of dialysis samples followed by radioimmunoassay revealed that our assay recognizes authentic NT from brain dialvsate (Bean et al.. 1989b) . The stimulated release of NT has been shown to be dependent on extracellular calcium (Bean et al., 1989b,c) .
Chromatography of DA. DA concentrations were measured as previously described (Bean et al., 1989b) . In brief, dialysate was injected onto a narrow-bore C-18 column (10 cm x 2.1 mm, 3-pm particle size). Selective retention of DA was achieved with a mobile phase consisting of 0.05 M sodium phosphate buffer (pH 5.8) with 0.1 mM EDTA, 2.2 mM sodium octyl sulfate, 5 mM triethylamine, and 15% methanol at a flow rate of 0.3 ml/min. Electrochemical detection was accomplished using an LC-3 amperometric detector (Bioanalytical Systems, West Lafayette, IN) with a glassy carbon electrode (+0.68 V vs Ag/AgCl reference). Chromatograms were recorded on a chart recorder, and peak heights of unknowns were compared with standards for quantification.
Electrical stimulation-effects of frequency and pattern. Concentric bipolar stimulating electrodes (model SNEX-100, Rhodes Medical Instruments, Woodland Hills, CA) were placed into the median forebrain bundle [MFB; AP = -4.3, L = + 1.6, V = -8.2 (Paxinos and Watson, 1986 )J of chloral hydrate-anesthetized rats immediately following placement of the dialysis probe. Initial experiments enabled determination of the optimal stimulating current and number of impulses to be used in subsequent experiments. Frequency-response determinations were carried out using bipolar rectangular impulses (400 PA, 3-msec impulse durations, 3000 impulses) placed in time such that the stimulation fell in the middle of the 20-min collection period following establishment of a stable baseline of DA release.
Measurement of the effects of electrical stimulation on tissue levels of DA and NT involved placement of a stimulating electrode into the MFB of chloral hydrate-anesthetized rats followed 3 hr later by stimulating at either 5 or 20 Hz for 3000 spikes. Rats were killed by decapitation immediately following stimulation, and prefrontal cortex was dissected as described previously (Bean et al., 1989a) . A control group was implanted with stimulating electrodes in the MPB, and after 3 hr rats were killed and prefrontal cortex was dissected. Samples were stored at -70°C until assayed for DA and NT as previously described (Bean et al., 1989a) . Proteins were measured by the method of Lowry (Lowry et al., 195 1) .
The effects of impulse pattern on the release of DA and NT were examined following establishment of a stable baseline by comparing the release during ~-HZ tonic stimulation (1 impulse every 167 msec; total, 3600 spikes) with that observed following burst stimulation (6 impulses/ set grouped into two 3-impulse bursts, the first impulse separated from the second by 60 msec, and the second impulse separated from the third by 100 msec, followed by a 340-msec delay; total, 3600 spikes). The parameters we used for burst stimulation mimicked those observed by Grace and Bunney (1984) to comprise an average burst based on their detailed analysis.
DA autoreceptor antagonism. The effects of autoreceptor antagonism on the stimulated release of DA and NT were examined after a stable baseline of DA release was reached by perfusion of the (+) and (-) stereoisomers of the DA antagonist sulpiride ( 10 PM) through the dialysis probe. After drug administration, a stable baseline was reached again prior to electrical stimulation at 10 Hz as before.
Histology. Rats were killed by decapitation and placement of the dialysis probes, and the stimulating electrodes were verified in every animal by sectioning (35 pm in the coronal plane) and staining with neutral red. Statistics. Dialysis experiments were analyzed by means ofa repeatedmeasures ANOVA on the raw data, with overall significance further characterized using the Duncan's multiple range test. Analysis of curves was done using the nonlinear analysis module contained in the commercially available Systat software program (Systat Inc., Evanston, IL), which allows testing for fit to user-specified (linear and nonlinear) equations. Raw data derived from tissue experiments were analyzed using a one-way ANOVA with post hoc Dunnett's test. In some instances, raw data were transformed to reflect changes from an experimental baseline for presentation purposes.
Results Histology Figure 1 shows typical placement of the dialysis probe in the prefrontal cortex (Fig. 1A) and the stimulating electrode in the MFB (Fig. 1B) . No measurable DA or NT was detected when the dialysis probe was outside of the medial-lateral limits of the deep layers of the prefrontal cortex, and probes were never found to be placed posterior to the genu of the corpus callosum. Stimulation-induced increases in extracellular DA or NT were not observed in rats when the stimulating electrode was located outside of the MFB (data not shown).
Electrical stimulation-eflects ofjiiequency
In order to determine the optimum current to be used in stimulation studies, we tested 140-, 200-, 400-, and 800~PA currents using 3-msec rectangular impulses at 10 Hz (3000 spikes) and observed significant increases above basal release (Fig. 2) The effect of the number of stimulus impulses on the release of DA and NT per min per impulse was determined (Fig. 3) . By examining the release per min per impulse of DA and NT versus increasing numbers of impulses (1500-6000; using 3-msec impulses, 400 PA, 10 Hz), we have observed that the release per min per impulse for DA was significantly increased from baseline at all points (1500: F = 7.92, p I 0.05; 3000: F = 18.81, p I 0.05; 3600: F = 14.23, p I 0.05; 6000: F = 4.07, p I 0.05), and was constant up to 3600 impulses, but was significantly reduced at 6000 impulses 0, 5 0.05 vs 1500-3600 points). The release per min per impulse for NT was significantly increased above baseline at all points (1500: F = 11.35, p I 0.05; 3000: F = 5.92, p I 0.05; 3600: F = 19.60, p 5 0.05; 6000: F = 21.73, p I 0.05) and did not differ significantly throughout the range tested (p > 0.05; Fig. 3) . The relationship between impulse number and DA and NT levels could be fit to linear equations (DA: rz = 0.88; NT: r2 = 0.96). We have therefore used 3000 impulses for subsequent experiments.
Using the stimulation parameters chosen from the above studies on current and number of impulses, the effects of impulse frequency on release of DA and NT per min per impulse were examined (Fig. 4) . Both DA and NT release per min per impulse increased with ascending frequency (Fig. 4) (Fig. 5) .
We postulated that the decrease in DA release noted at 20 Hz in the frequency experiment could be due to DA depletion. Therefore, we examined the effect of electrical stimulation at 5 and 20 Hz on the tissue content of DA and NT immediately following stimulation. Tissue levels of DA, but not NT, were significantly decreased (26%, F = 7.01, p I 0.05) following 20-Hz stimulation (Fig. 6 ). Tissue levels of DA and NT were not significantly different from control @ > 0.05) when stimulated at 5 Hz (Fig. 6) .
Electrical stimulation-effect of pattern The effects of stimulus pattern on DA and NT release were determined. Stimulating in bursts significantly increased the release of both DA and NT (DA: F = 10.34, p I 0.05; NT: F = 8.91, p I 0.05). In fact, burst stimulation produced significantly greater increases in DA and NT release compared to tonic stimulation with the same number of impulses (p 5 0.05; Fig. 7 ) regardless of whether it was administered before or after tonic stimulation (data not shown). Electrical stimulation-efects of DA autoreceptor blockade
The results obtained in the frequency response experiment suggested that the frequency curve for NT reached a plateau between 10 and 20 Hz. Since DA is depleted at 20 Hz, decreased autoreceptor activation, and therefore a decrease in potentiation of NT release, may be expected. To determine whether DA autoreceptors may influence stimulated DA and NT release, which could account for the plateau in the NT frequency curve, we examined the effects of the two enantiomers of the DA receptor blocking agent sulpiride on electrically stimulated DA and NT release ( (Table 1 ). The ratio of DA:NT release was significantly increased by (-)-sulpiride (7 1.4) compared to (+)-sulpiride (7.0; p I 0.05, Mann-Whitney U test). DANT release under the identical stimulation conditions while perfusing the dialysis probe with artificial ECF was 8.0 (see Fig. 5 ).
Discussion
The present data suggest that the levels of DA and NT in the prefrontal cortical ECF (release) can be regulated by axonal stimulation frequency, stimulation pattern, and DA autoreceptors. Both DA and NT levels were enhanced by increasing stimulation frequency when the number of impulses was held constant. However, at the lowest frequency tested (2.5 Hz), only DA levels were significantly increased. Furthermore, as the frequency of stimulation increased from 2.5 to 20 Hz, the ratio of DA release to NT release decreased exponentially. Stimulation in a burst pattern produced greater release of both DA and NT than tonic stimulation with the same number of impulses. Blockade of DA autoreceptors had opposing effects on the stimulated release of DA and NT; sulpiride treatment stereoselectively increased the release of DA while decreasing that of NT. These data suggest that in mesocortical neurons that colocalize DA and NT, DA release predominates at low firing frequencies and during DA autoreceptor blockade, whereas the release of both DA and NT are increased at higher firing frequencies and during burst stimulation.
Electrical stimulation
Mesocortical axons pass within the MFB en route to the prefrontal cortex. Previous studies employing electrical stimulation of the MFB have used a wide range of currents and impulse durations (Imperato and DiChiara, 1984; Ganon, 1988; Nicolaysen et al., 1988; May and Wightman, 1989) . By varying stimulation intensity with all other parameters held constant, we observed that the maximal release of both DA and NT from the prefrontal cortex was reached at similar currents (400 MA). That similar currents are required for the release of both trans- mitters is consistent with immunohistochemical studies suggesting that these transmitters are colocalized in both soma/ dendrite (Hiikfelt et al., 1984) and axon-terminal (Studler et al., 1988) regions. These currents are similar to those previously reported to activate identified DA neurons antidromically (Shepard and German, 1984; Gariano et al., 1989) . Strength-duration curves suggest that unmyelinated mesocortical DA axons have relatively prolonged chronaxies (approximately 0.5 msec; Yeomans et al., 1988) as compared with myelinated axons that are also present in the MFB (approximately 50 psec; Ranck, 1975) . These studies suggest that no parameters for electrical stimulation of the MFB can selectively activate DA (or mixed DA/NT) fibers since long-duration pulses
Basclinc
Tonic Burst Figure 7 . Effect of pattern of MFB stimulation on the release of DA and NT from prefrontal cortex. A dialysis probe was placed into the prefrontal cortex, and a bipolar stimulating electrode was positioned in the MFB. After a stable baseline period, rats received tonic stimulation (400 PA, 3-msec impulse duration, 3600 impulses, 6 Hz) followed 3 hr later by burst stimulation (400 PA, 3-msec impulse duration, 3600 impulses, 6 Hz; grouped into two three-impulse bursts/set; within each burst, the first impulse was separated from the second by 60 msec and the second impulse was separated from the third by 100 msec, followed by a 340-msec delay). Data are expressed as percent of baseline release and represent the mean ? SEM of data from six rats. Basal DA levels were 0.45 + 0.07 fmol/min, and NT levels were 0.030 + 0.006 fmol/ min. a, significantly different (p 5 0.05) from baseline; b, significantly different from tonic stimulation at the same frequency (p 5 0.05).
and high current densities are required for activation of DA axons (Yeomans et al., 1988) . We would argue, however, that the release of DA and NT in the prefrontal cortex must come mainly from the mixed mesocortical neurons since there are few, if any, intrinsic DA or NT cells in the prefrontal cortex. The findings that the currents required to maximally release DA and NT are similar and that the release of both DA and NT are linear with the number of impulses at a constant frequency (see below) support this hypothesis. We have also observed that stimulation at 10 Hz using short impulse durations (50 psec) does not increase prefrontal cortical release (data not shown). Transmitter release evoked by stimulation of a polysynaptic pathway may appear nonlinear. However, a linear relation between the number of impulses (at a constant frequency) and transmitter release may be expected from a monosynaptic pathway. We observed linear increases in release of both DA and NT with varying number of stimuli at a constant frequency. With prolonged stimulation (~6000 impulses), DA release per impulse declined. The release of NT per impulse did not decline under the same conditions. These observations are consistent with results obtained on catecholamine release in numerous in vitro studies and may suggest that these conditions lead to a depletion of a "readily releasable" pool of DA (Hughes and Roth, 1974) .
Effects of stimulation frequency
In our experiments, 2.5-lo-Hz stimulation increased the release of DA per min per impulse, while this response was attenuated at 20-Hz stimulation. In a separate experiment, we observed that 20-Hz stimulation under identical conditions produced a significant decrease in tissue content of DA. Depletion of tissue DA may correspond in part to a decrease in the pool of readily releasable DA. The release of NT per impulse increased in the frequency range of 2.5-10 Hz, while no further increase was noted at 20 Hz. When analyzed versus baseline, the release of NT was significantly increased at all frequencies except 2.5 Hz. Thus, at a frequency that may approximate the basal firing frequency of at least some mesocortical DA cells in vivo (2.5 Hz; Wang, 198 1; Shepard and German, 1984; Gariano et al., 1989 ; but see Chiodo et al., 1984) , there is a preferential increase in release of DA from baseline. Furthermore, when the stimulation frequency was increased, the ratio of DA:NT release declined exponentially. Studies on the effect of electrical stimulation of motor neurons and sympathetic neurons that contain peptide and nonpeptide cotransmitters have also demonstrated differential release in which the release of the nonpeptide predominates at low frequencies and the peptide is released preferentially at higher frequencies (Iverfelt et al., 1986; Lundberg et al., 1989; Whim and Lloyd, 1989) .
The effect of electrical stimulation on in vivo extracellular DA in prefrontal cortex has not been examined previously. However, in vivo methods have been utilized to examine stimulated DA release from other telencephalic regions such as the striatum and nucleus accumbens (Imperato and DiChiara, 1984; Ganon and Buda, 1985; Stamford et al., 1987; Nicolaysen et al., 1988; May and Wightman, 1989) . Stimulation of the MFB in pargyline-treated, urethane-anesthetized rats has also been observed to increase DA release in olfactory tubercle as measured by in vivo voltammetry (Ganon, 1988) . Stimulation-induced increases in DA release in the olfactory tubercle were noted in a frequency range of 3-l 4 Hz (Ganon, 1988) . However, it is difficult to compare this study with ours directly because different anesthetics were employed, the DA systems in the prefrontal cortex and olfactory tubercle have different properties [e.g., the olfactory tubercle has synthesis-modulating DA autoreceptors, whereas they are nonfunctional in the prefrontal cortex (Roth, 1984) ], different methods were employed (e.g., the time scales of stimulation and DA measurement are shorter for voltammetry), and different stimulation conditions were utilized (e.g., both frequency and number of impulses were altered concurrently in the voltammetry study). These methodological differences may explain the appearance of an exponential increase in DA release noted in the voltammetry study, while we have observed DA release to be linear when increasing the number of impulses at a constant frequency, and nonlinear when increasing stimulation frequency while holding the number of impulses constant. Examination of stimulated release of 3H-DA in vitro from slices of prefrontal cortex has revealed that by keeping the number of impulses constant a frequency-response curve is obtained (Hoffman et al., 1988 ) that appears much like that observed in vivo in our present studies. In fact, these authors increased the number of impulses at the highest frequency tested (10 Hz) and noted a decrease in the release of 3H-DA per impulse (Hoffman et al., 1988) .
Effects of stimulation pattern
In addition to firing frequency, firing pattern has been shown to be an important factor in the release of chemical transmitters (Dutton and Dyball, 1979; Lundberg et al., 1986 Lundberg et al., , 1989 Bloom et al., 1987; Bartfai et al., 1988) . Recently, Lim et al. (1990) have recorded calcium currents and alterations in membrane capacitance (as a measure of exocytotic vesicle fusion) in single nerve terminals. These authors have shown that relative to single impulses, short "bursts" of stimuli evoke greater increases in membrane capacitance and calcium current. These results are intriguing in light of single-cell electrophysiological recordings of Grace and Bunney (1984) , who have analyzed the firing patterns of mesencephalic DA neurons and have noted that these neurons can alternate between a single spike firing mode and a burst firing mode in which "average" bursts consist of three spikes . We have examined the effect of pattern on the release of DA and NT by duplicating the bursting pattern as described by Grace and Bunney with respect to number of impulses, interspike interval, and delay time. In some systems, burst stimulation has been shown to produce a greater enhancement in the release of the peptide over the nonpeptide transmitter (Lundberg et al., 1986 (Lundberg et al., , 1989 Bartfai et al., 1988) . However, we observed that burst stimulation increased the prefrontal cortical release of both DA and NT by approximately the same magnitude.
Effects of DA autoreceptors Mesocortical DA neurons are able to regulate their own release via activation of release-modulating nerve terminal autoreceptors (Wolf and Roth, 1987) . Stimulation of these receptors by released DA reduces the subsequent release of DA from the terminal, while antagonism of DA autoreceptors can enhance the release of DA (Wolf and Roth, 1987) . In some systems, presynaptic autoreceptors have been shown to regulate the release of other coexisting transmitters (Iverfelt et al., 1986; Bartfai et al., 1988) . We have previously observed that DA autoreceptor stimulation reduces the basal release of DA while increasing the basal release of NT in the prefrontal cortex (Bean et al., 1990) . In the present study, sulpiride stereoselectively potentiated the stimulated release of DA while reducing the stimulation-induced increase in NT release. These data suggest that DA, by acting at its autoreceptors, could alter the frequencyrelated release of DA and NT. For example, the plateau in the frequency response for NT release at 20 Hz may be due to a lack of DA autoreceptor stimulation due to depletion of DA, which would result in decreased NT release.
Many therapeutically effective antipsychotic drugs block both pre-and postsynaptic DA receptors (Roth, 1983) . The present results suggest that blockade of prefrontal cortical DA autoreceptors produces an increase in DA release and a decrease in NT release. The decrease in release of NT from mesocortical neurons following DA autoreceptor blockade may therefore be related to the therapeutic and/or side effects of antipsychotic drugs (however, see Gaspar et al., 1990) .
In the present study, we have examined the effects of electrical stimulation of the MFB on the in vivo release of DA and NT from the prefrontal cortex. The data presented herein suggest that DA and NT may be differentially released based on stimulation frequency and DA autoreceptor activation within the frequency range in which these cells normally operate. The physiological mechanisms involved in frequency-and pattem-dependent release most likely involve the quantity and location of calcium entry into the terminal through different types of voltage-gated calcium channels (Miller, 1987; Boarder, 1989) . According to this hypothesis, large peptide-containing vesicles require more intraterminal calcium than small non-peptidecontaining vesicles to enable exocytosis; higher calcium levels could be achieved through the opening of calcium channels with higher conductances (Miller, 1987; Lemos and Nowycky, 1989) . In this regard, a recent report has described the presence of two voltage-gated calcium channels that have different conductances in single nerve terminals (Lemos and Nowycky, 1989) . The mechanism(s) responsible for the modulating effects of DA autoreceptor blockade on NT release is currently under study.
